In the process of urbanization, energy consumption has significant effect on carbon emissions. The aim of this paper is to analyze the impact of urbanization on carbon emissions for different income levels across 29 provinces of China during 1995-2015. The improved STIRPAT model provides the theoretical foundation for this research. Then, the threshold analysis was used to assess the effect of urbanization on carbon emissions. On the basis of the average annual income, two threshold points that divide the whole sample into three groups were identified, namely, 1) an average annual income of 7400 RMB and 2) an average annual income of 16,250 RMB. The result shows that effect of urbanization on CO 2 emissions varies in terms of income stages and specific regions. Finally, the policy implication was discussed.
Introduction
The rate of urbanization in China has increased considerably over the past decades. As a result, the share of population lived in urban areas has been doubled since 1990s. Specifically, there was only about 26% of the total population lived in urban areas in 1990, but the share increased to 56% by the end of 2015. According to China's Ministry of Housing and Urban-Rural Development, there are about 300 million rural inhabitants will move to urban areas from 2010 to 2025. The distribution of population in China is quite uneven. Inhabitants living underlines that urbanization in China is at a high growth rate. Urbanization will not only bring significant changes for citizens such as changing of their lifestyles but also for public infrastructures such as public utilities, hospitals, schools and nursing homes etc. Given the increasing establishment of urban infrastructure, urbanization can help the efficiency of transportation and thereby reduce the energy consumption in the transportation sector [1] . Furthermore, the other benefit of urbanization lies in promoting optimization of resources utilization, i.e., it can attract more and more capital and talent flow into urban area and thereby improve the utilization of resources [2] .
An emergent problem of urbanization is that of the increasing human activities in urban areas will result in severe pressure on the environment such as carbon emission. A research [3] found that the increasing construction and maintaining of the urban public infrastructure due to urbanization will lead to an increase in energy use. In a study of investing the effect of urbanization in the Yangtze River Delta region in China [4] , Gu et al. found that carbon emissions from transport, household and industrial activities are major contributors for climate change, which eventually lead to environmental threats such as flooding, dryness etc. [5] . In the same vein, Parikh and Shukla assessed the consequences on greenhouse emissions from urbanization for developing countries during , and found that urbanization will lead to a concentration of industrial production and changes in the individuals' consumption patterns and lifestyles, which in turn will increase energy use and thereby increase greenhouse gases emissions. It is estimated that carbon dioxide emissions accounts for about 70% of the global greenhouse gases emissions, which are believed to be main contributor for global warming following IPCC (2007) . There have seen rapid growth in urbanization worldwide, therefore, how to constrain the carbon emissions from urbanization becomes an urgent problem. In conclusion, previous research have reached a consensus that urbanization have different influence on the environment, and the eventual environmental effect may be attribute to different factors and the interaction of these factors. For example, the environmental effect from different phases of urbanization appeared to be different. Therefore, some researchers claimed that the phase of urbanization should be considered when evaluating the effect of urbanization on the environment [6] . The numerical value used for classification of the different phase of urbanization can be either discrete or continuous. Furthermore, due to the lack of a widely-accepted standard, the classification of phases of urbanization differs significantly among studies [7] . Finally, the classification of phases of urbanization often ignores the fact that one geographical area (in particular when it covers a large area) might Based on the threshold value, we can then segment the sample into different categories (i.e., phases of urbanization). The advantage of using a threshold model is a measure of accuracy that is independent of the particular threshold adopted.
The objective of the paper is to investigate the impact of urbanization on carbon emissions in China. There are several reasons for this. Firstly, China is the world's largest CO 2 contributor, and is estimated that CO 2 will reach to a peak in 2030. Secondly, the rate of urbanization is creasing considerably because of the industrialization and will continue to grow in the next decades. Prior research has proved that the growing of urbanization will bring an increasing of CO 2 emission. Thirdly, China has committed to reduce emissions intensity of the economy by 60% -65% compared with 2005 in the Paris Climate Agreement in
2015.
The study will contribute to the literature on urbanization and carbon emission using an explorative threshold analysis. The study differs from previous studies that it spells out the threshold value for classifying the different stage of urbanization, namely, it splits the sample into three different areas with different phases of urbanization rather than a simple classification. The rest of the paper is organized as following. Section 2 presents literature review. Section 3 describes the empirical model, variables and data. Section 4 describes and discusses the results. Section 5 concludes the study and provides policy implications.
Literature Review
Much research has been conducted in investigating the effect of urbanization on carbon emissions under different research contexts. Parikh & Schukla [8] concluded that urbanization has two distinct consequences on the environment: 1) urbanization will increase the density and thus demand more infrastructure capacity and resources and consequently it burdens the local environment, and 2) the agglomeration effect of urbanization can boost energy efficiency due to a reduced need for a proliferation of public facilities in a less dispersed settlement pattern.
The findings of current literature on investigating the effect of urbanization on carbon emissions appear to be different from case to case, some are even controversial. The results of current literature can be divided into three categories: 1) positive effect, 2) negative effect and 3) inverted U-shaped effect. The outcome of different effect is mainly attributed to the fact that the modeling ap- and energy consumption within 14 EU members and found that urbanization has a positive effect on energy consumption [9] . Liddle and Lungfound that urbanization had positive effects on carbon emissions in a study of urbanization and carbon emission among 17 developed countries [10] . Lin and Liu investigated the effect of the extent of economic development and urbanization on carbon emission using an integration approach [11] . They found that both the extent of economic development and urbanization had significant positive effects on carbon emissions. Wang and Shao found that the rapid economic development and urbanization did increase carbon emission in China on the provincial level. This is because when people migrate from rural areas to urban areas, they will take part in non-agricultural activities such as public construction. These non-agriculture activities will consequently increase energy con- The third category, is the inverted U-shape effect between carbon emission and urbanization. In these findings, urbanization was divided into different stages. In the beginning phase of urbanization, energy consumption is increasing. In the late phase of urbanization, the emerging of new energy technology such as energy inefficiency technology, will lead to a decrease in energy con- 
where I represents the environmental impact, P represents population size, A represents per capita wealth and T represents technology.
One limitation of this specification is that there is no single factor can be explained for the environmental impact. As an example, if A and T remain constant while P decreases during a time period in a given situation, it will be incorrect to say that P alone will have impact on environment. This is because A and T remain unchanged, which may scale the effect of changes in P.
In order to overcome this problem, Dietz and Rosat [23] STIRPAT model rewrote by. The general form of STIRPAT model can be specified as follows:
It is constructed to find the stochastic approximation by analyzing the regression of population size (P), per capita wealth (A) and technology (T).
There is the logarithmic form of the function:
The regression coefficients b, c, d of the function are the elasticities of the independent variables. The dependent variable will change according to the coefficient when one of the independent variables changes by 1%, while keeping other variables constant. The STIRPAT model is the fundamental of the empirical model specified below in this study.
Empirical Model-Threshold Model
Hansen (1999) presented threshold model which locates key threshold points and analyzed regression according to set stages [24] . The general threshold mode is as follows: 
The definition of variables is shown in Table 2 .
Variables and Data
We use carbon emission as the dependent variable in the model estimation.
There are several reasons for this. This is because CO 2 emissions account for about 70% of the global greenhouse gases (GHGs) emissions. CO 2 is also be- The variable, Urbanization (UR), is measured by the percentage of population in urban agglomeration. The energy intensity (EI) is measured by the energy efficiency of a nation's economy [25] . GDP per capita (pgdp) measures the impact of demographic and economic development. The Proportion of secondary In the model estimation, we choose GDP per capita as the threshold variable.
For the consistency with the form of threshold model we do not take the logarithm for the GDP per capita index. Linear and non-linear pgdp and pgdp2 are added in the model to test whether the result supports the hypothesis that the relationship between economic growth and CO 2 emissions exhibits an inverted U-shaped.
The data used in this study consists of 29 provinces in China from 1995-2015.
All data are attained from the China Statistical Yearbook and the China Energy Statistical Yearbook. The descriptive of variables is described in the Table 3 .
Empirical Result
As shown in Table 4 , the threshold points are 0.740 and 1.625 and are significant at 5% level. The Equation (5) specifies the empirical model as following, 
where μ i captures the individual effects, α represents constant term, ε it is the residual error term.
The empirical results are reported in Note: t statistics in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01.
expected sign, and the goodness of fit measurements indicates that the models are acceptable. However, the OLS models ignore the fact that the degree of the urbanization may have different influence depending on the economic development levels. Thus, we decided to use the threshold model in this paper. We estimate the threshold model both with random effect and with fix-effect. However, the results of Hausman tests show that the null hypothesis of random effect (i.e., difference in coefficients not systematic) is rejected. Therefore, we adopt the fixed effect to estimate the effects of urbanization on carbon emission.
As expected, population, GDP per capital, energy intensity, the proportion of From Table 4 , we identified two threshold points, i.e., 0.740 and 1.625. This can be used to divide the economic development into three levels across China.
The lowest level is the average annual income is lower than 7400 RMB. The second level lies in where the average annual income is between 7400 RMB and 16,250 RMB, and the third level is when the average annual income is higher than 16,250 RMB.
As income level is higher than 16250RMB, which became stronger but similar to second stage. Zhu & Peng [29] found that carbon emission-promoting effect of urbanization is bigger than its mitigating effect through assembly and scale effects. In this stage, technology development is a key factor which improves efficient use of resources [30] . Believed that urbanization affects energy consump- 
Conclusions and Policy Implications
In this paper, we integrate both the STIRPAT model and the threshold model to explore the impact of urbanization on carbon emissions. We use the threshold points of economic development to divide the whole sample into three groups and it shows that urbanization has different effects on CO 2 emissions in different income stages and specific regions. Furthermore, industry structure, energy intensity, technology and population also play significant role in carbon emissions.
In the process of urbanization, immigrants may change their life-style and the government may invest basic public facilities, which pose a significant influence on national energy structure. All of these human activities relate to energy consumption which directly affect carbon emission. On the one hand, some found that energy used for production and residential consumption and for requirements of infrastructure and residential dwellings increased along with urbanization [27] . Similarly, Holtedahl and Joutz found that migrants increase their accessibility to electricity and households are likely to increase their use of existing applicants and even purchase of new ones, which leads to more energy consumption. On the other hand, population aggregation may yield new ways of production such as bicycle-sharing, offering a low-carbon travel mode and re-Open Journal of Business and Management ducing congestion. The economic effect of urbanization is bigger than scale effect, and the impact of urbanization on CO 2 emissions presents a gradual upward trend. China is in the fast economic development stage, facing both the increasing pressure for carbon reduction and the threat of domestic energy shortages. Lin and Liu believed that controlling the pace of urbanization and taking energy conservation are realistic and feasible measures to reduce carbon emissions [31] . Green and low-carbon transportation tools are thus encouraged to use in public. China will definitely move away from current coal-intensive energy economic structure to a more efficient energy development stage. Given the constraints of natural resources, policies will need to be encouraged in exploiting new energy and energy technology across all sectors. Put differently, future policy will have to focus more on the development of clean energy. Renewable energy such as hydro energy, wind power and solar are important and efficient energy sources which driving the change of industrial structure into a green and efficient way.
Our research provides a new perspective to understand the relationship between and carbon emissions and other main factors. But there are still some limits, different age component of rural migrants can also have different effect on carbon emissions in the process of urbanization, which leads to a further research.
CO 2 data was computed according to the formula from the IPCC, see below. We included a total of eight energy sources that are the main energy mix in China's energy consumption. Specifically, coal, coak, crude oil, fuel oil, kerosene, diesel and nature gas. The specification of carbon coefficient of each energy source are in Table A1 below. 
